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RE: Torcli Lake Superfund Site 

Dear Mr. l^e: 

This letter is a follow-up to and in confirmation of my visit at your office on June 13, 1991, 
attended b/ you, Gary Kruger of Geraghty & Miller and myself. 

During our visit, we had at one point a lengthy discussion regarding the results of sediment testing 
at Torch Lake which sampling and testing were performed by a U.S. EPA outside consultant. The result 
of the sedi nent testing and the information provided to us was that the only contamination found from that 
sediment t jsting were some "hot spots" at the outflow pipe belonging to Peninsula Ctopper Industries. You 
also indicated that the sediments in which the "hot spots" were found appeared to be "recent" or "new" 
sediment (eposits as distinguished from "old" sediments. I indicated that I was not surprised in view of 
public knowledge that Peninsula Copper Industries, owned in part by Michigan Technological University, 
had been «lifcharging effluent for in excess of the allowable discharge permit levels set forth in the permit 
issued to Michigan Technological University. In addition, in 1984 Peninsula Copper Industries discharged 
3(),0(X) gallons of effluent containing copper sulfide, ammonia and sodium, which discharge blackened the 
sediment tj one (1) foot in depth. As I further noted to you, the Torch Lake Sewage Authority (operating 
on land o /̂ned by the Houghton Department of Public Works) drained 5,000,000 gallons of contaminated 
water iron its Tamarack lagoon because the lagoon was undersized for the effluent it was receiving. You 
indicated }'ou were unaware of such occurrences relating to Peninsula Copper Industries (PCI), Michigan 
Technologicil University (MTU) and Torch Lake Sewage Authority (TLSA). I expressed and continue to 
express su prise for a number of reasons, including: 

a) Si ice a 104(E) Request has been sent to PCI, MTU and TLSA and since you have fully 
ex;hanged data with the Michigan Department of Natural Resources (MDNR), why the 
occurrences I've outlined in this paragraph were not disclosed to the U.S. EPA; and 

b) In Universal Oil Products Company's response dated June 10, 1986 to the U.S. EPA 
(/^.tiention: Ms. Janet Haff) these occurrences were disclosed. I enclose a copy of 
newspaper articles bearing Exhibit Nos. 12, 13, 14, 15, 16 17, 18 and 21, which exhibits 
w(!re attached to the June 10, 1986 letter. 

Jae, is it any wonder that, since June 1986, Universal Oil Products Company (UOP) has in writing 
and in peison requested that PCI, MTU, TLSA and the Houghton Department of Public Works be named 
as potentially responsible parties (PRPs). 

For your additional information, I enclose Section X from a Pro Forma business publication by 
Michigan Copper Co. Ltd. This Section X will give you some meaningful information about the copper 
oxide manufacturing operations of PCI, along with the well known companies providing scrap materials for 
processing by PCI. 
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June 17, r)91 

By copy of this letter to Mr. Peter felitti. Assistant Regional Counsel, I am requesting a meeting 
to deal with additional PRPs regarding the Torch Lake Superfund Site. 

At another point in our discussion you inquired about help regarding the identity of title holders 
(landowneis) of various properties along the western bank of Torch Lake from Lake Linden south to the 
Quincy Properties. You were quite taken back to be informed that UOP's involvement in the scheme of 
things at Torch Lake was that of a mere former land owner who did not conduct mining operations in 
Michigan. UOP acquired Calumet & Hecla on April 30, 1968 and due to a pending labor impasse, the 
mines wert- closed forever to commercial mining operations by September 1968. Not long thereafter, UOP 
donate<l oi sold all shoreline properties to the following: 

Lake Linden-Hubbell Public Schools 
Houghton County Historical Society 
Edward Koepel 
Rudolph Kump 
Houghton County Department of Public Works 

'i H ' Superior Crafts 
Michigan Technological University 
Village of Lake Linden 
Schoolaaft Township 
Houghton Country Historical Society 

In addition, some 288 acres were donated to the State of 
Michigan DNR covering land at the outlet of Torch Lake 
to Portage Lake and on Portage Lake. 

What I'll do is take a map of Torch Lake and mark it up so you'll have our views of the current 
land ownerships along the western bank of Torch Lake. During our discussion we spoke about the two 
different slag piles which I indicated were on lands donated in 1982 (75 acres) to M.T.U. This 75 acre 
parcel wa> conveyed by M.T.U. to Technology Development Corporation and in 1986 Technology 
Development (;:orporation sold the 75 acres to Keweenaw Development Corporation of Houghton, 
Michigan for Sl25,000.00. Not a bad return for having received the property at rio cost! 

^ '' Please let me now if there are any items not covered in this letter and which you were looking for 
comments or information from me. 

I trust UOP's repeated requests for additional PRPs to be named by the U.S. EPA will receive 
favorable action and that a PRP and additional PRPs meeting will be convened. 1 request this letter be 
made a p;,n of the administrative record. 

Sincerely, 

Patrick J. Lin 

cc: Piter relitti, Esq. - Assistant Regional Counsel 
N;S. Csirole Graszer, Emergency Support Section 
Gaines Gwathmey, Esq. 
Si an L-ane, Esq. 
Mr. Steven Shapiro 

/'re 
enc. 
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T H E TOI tCl i i .AKK SewtKe . above, Mday* in which Inni l r r r i>pprr 
Aulhorily ha* glvri i PrnlnHiila'Copprr. and 'ammonia from tb« diseharnf 
Indui t r let , localrd at Mlchlj;>nTech'i water it lends lhrouf(h the authority*! 
Industrial Park lo the building shown, Taoiaracii laKoon system. The plant 

OFFICIALS DEMAND CLEANUP-^ PrM^/n/^^ 

nianufaclurra copper oxiilr rri>i i ytrayi 
eleclruilic circuit l>oard« »IIUAI in i)\r 
IvreKround. (Uaxelle phulo ^ i SCOK 
l ledtel) _ * -v , r 

1̂ ^ ^-P: 

Industrial discharge 
copper contaminated 

6 

;: By BARBARA SWIFT 
r C a i e t t a w r i t e r ^ ' , . ( • % 

*=• HUBBELL — Tlito Mi.lui.nin Tfyti- < 
\ ;P"»'^PrC^ Ppniiysula i;o})\MT ImJustriCj; 
-~hji^ riuinp^ into sewi'rg hii're . 
' pmrt'R'iinU , walpr ri j i i |aining n*''*r!y 
I 24yi timp^ Ihp mpp f r allngptt by ppr,y 
' mit. officials say. . -< 
I THe to rch Lake Sewage Authority, 
'• fearing damage lo its Tamaracic 
' lagain system, lajit weeit K n v ^ ' ' H L 
: and the company W days in which to 
j dean i ip.uajjscJj^ugc. wjiion atso in-
"' cludes hi^bJctCfeoL*»T^nmti a". 
. ~ ' 'The situation is senous imTwe in-
; tend (0 correct i t . " said authority 

Qialrman Gerald Pcrreaull. 
Perreaul l aul l ior ized le.sis in 

January, when man)ioles near Ihe cop-' 
per feclamalion plant emilled a strong ' 

r J ammonia odor and effluem: at one of 
the sewage system's pumping stations 
was tinged blue. 
' Hesaidoneof the tests on the plant's 
effluent — rfone at a Wisconsin . 
laboratory — showed copper at 1,196 

- mil l igrams per li!«r. ?? " la l 'o ports }>er 
mii i ioi i . - ^ . > . , , . : . : 
mil igrams per l iter, then soared baciij 

' .up to 900. TTje sewage authorilv's per
mit — o/ftt ial ly Ifsoed to HTV .y, 
aiiows .5 par s per iniUion of copper. 

Penmsula Copp<?r manuffictures cc;> 
per oxide from scrap eierl/oi»ic c»!'i;v>:t 

, boards. 11 is the Jiret business to leasf 
space at the' university's hKiustrisi 

- Park in Hubbell. Tech Cap tal Coip , • 
fed<?rally-licensed .small ttusiness :.?-
vestment company established by t?•• 
university, is one of the st&:kholders \ i \ 
the company. 

Perreault said the tests also show : 
li i^h of 560 mil igrams per liter of cm 
monia. That level is approximately lOS 

' Umes the allowable l imit , he M:..f 
-L imi ts were established on ir-

^ formation from tiie company and ad
vice from llie Department of Nature! 

' Kfwiurres. » 
Operations at the Ikblwll pln.-.t 

hmaan last fal l . The olanl, discharged 

-about 140.000 gallons of effluent into the 
Tamarack lagoon in January . 
F^rreault said most of the discharge is 

'watcf. 1 •• • • t 
He said the authority has no way of 

knowing how Jong the higli levels of 
copper and ammonia have been 
flowing Into the lagoon system. 

Lagoon systems purify sewage water 
through bacter iological act ion, 
stimulated by algae and bacteria, 
which can be killed by high con-

.cenirsiions of copper. 
Perreaull jiaid preliminary tests on 

' the lagoon show lower levels/ of 
dissolved oxygen, wiiich must be 
present for the system lo function. 
However, tlio^c levels arc normally 
lower during winter, when ice covering 
the lagoon blork.s sunlight and oxygen. 

" I f the dissolved oxygen was al l 
gone, we'd knvw we have a major 
problem out there." Perreaull said. 

The authority (s wailing for more 
test results that wi l l show copper and 
ammonia levels in llie lagoon. 

"The Tamarack lagoon d<)esn'l seem 
to b e . affected d r a m a t i c a l l y , " 
Perreault said. "When we get all l l ie 

test results back then we'll bt jble to 
' tell what the impact is on our U gi.<in " 

Tlie authority nH*l Tursil;w k l h Hill 
Stewart of (Vnnifiula O i i n T i i l rv i . i i i 
was out of town today and u')^vail.)l>lp 
for comment. Richard Tiedf-r, Iwad of 
the university's Bureau of i tdusir la l 
Development, said this niorninp he 
was out of town last we<:k ami is 
unaware of the situation. 

According to Perreaull, Siev art said 
liie copper/ammonia ciiseha -ne *as 
occasional, while the pkmt ncritecl out 
"a few bugs" in lh<' n t arn.iiion 
prores.n Perreault sniil Stovini I iiRrreil 
lo install a more advaitced iliriitii^ii 
system to trap t lw co:pp4>i ind a n 
monia. Tlie autliorily p-<p<fis IIK> 
system to be installed b> Fhd : > 

Tests monitoring the i j i s i i i i ige wil l 
continue. Perreault said f ttie cop
per/ammonia discharge i.sriol (leaned. 
the aulhorify could lorc".'I Iw i; Diversity 
to install its own treatment :>y ;iem 

He said Uie Depi»rlireiit o Nntuial 
Re<k>urces and the IICUKIIIU'V C<iui.t\ 
Orpartnieiil of Public '^m AS ^vn; aiso 
notified of tlie plant sdischiir;*! 

http://Mi.lui.nin


v^u^p^i-iuuc^ii lucjuon concerns 
•FaAHHAHASwirr 

HUl taeU. - TlM TocTti L«k« 
(«« • ( • AulhHli)f I* atklnf • u i * t l -
l i cu l i I w »4 i \ r t M hvn U dMpoM W 
(M ni|i|KT Udni w k i u n u r la H* 
T«iD*r»c* Unuott. 

T>K auihoi iy i « t u n m i m l a l lk 
dua iA r f n i " * wu lcwaur •ken Ib i 
l»uUHin (*IUa U«aan IIIU - l i M y 
M o n i i i n i i t - u>d I* u k t n f lor • 
nammnxtaUon Iram Urn Utpwta iMt 
rf Nalural KMuuroM 

" n v y c*n tall l a vhr i lMi m Mt 
• b i i «T k*v« la «ur Uigon u Uwl I w 
•ui •< bnc." H i d HHInrKy Ckwnnui 
l t a t \ d P c m t u l l "Thry can p>« la 
p t fm iaua I* d i K h u i * . <>iil« limaUjr, 
• b * i «lM can « t da*" 

f u c n l laal raaulla an U M Ufaaa'a 
«aai<«ain- ihaw It oofiiaina a i high aa 
UparuprrnullMBateafipcr i p f m i 

DNH atliciala la Lanaiag aajt Uial 
t m l la a i imnaly ki|0i. and quiaa 
"a«iipar% ftguraa" around I paru par 
mhHjn ai cofifKr — and taaa — at ac-
crpiahit l i m l l i Inr «at l»walaf 
dutnarfrd diracily I n u Tarth Laka ar 
AllrraJ l i n l by a aaapaga lyt lam an 
am Tamarai'k bandi. a Mamp aaad 
paninluU thai |uU lnl« Torrh Laka 

Then art mrt lwla t i "bmdinif up" 
U> n fHW Adding an afnanic ram-
pDunii Ilk* rarlMMi. lor aaample. would 
poaaiMy g i n Ihr cuppCT paniclca 
•ooitfirung III auach onia and aiok la 
IM tmiom ot Ua laguuA. 

"taul you can I ba diUy dallying 
araund Irywg la l i gun tumalhiag out 
Miaa yiMT lagM«> lu l l , " (aid Dr. 
Ciwin Evaaa. an aquabc Uolugial U 
11* UNH't matmn aalar ^ualiqr 

Iha lakt'a pollulwD. taid Kanaga 
tvana u i d thai an iiiunac ahol t l 

aj|ii«T v a u r oauld ki l l llah and planU 
wo>«d UM ditdiarga araa Ha aald kt 
would praBkkly racaniniang 
Aackarging Uw vaaiawalcr tiawly la 
gn II oul ol I M lagoon t y i u a i with Ika 
laaM amouni o4 damaga 

T ie Mgk copprr coiilnM la l lkt iy Uw 
naul l of laduainal dtacharfa Iram 
Ffefunaula Ca f fa Induatnaa, a copper 
raclamallan plani In Michigan 
Tacta^oflcsl Uolaaratly'i biduiUial 

Paik la HuMirll. 
I r a u an U» plani • <<nueiil la 

January ihowad naarly t O l limaa Ua 
Itval ot cappar parmlllad lor ditcharga 
ki lalhaiaaaga •yalain Thr rompangr 
Inicnda to Inalall a nrw lilixaiion plant 
to t r ip copprr and Ilia aulhortly wUI 
conliaua laallng. Pnraaull baa aald 

Accordiog to t'arvy Jotwkion of Iha 
DNR I aaiar qualll) aurvtiUaoc* 
di'UMn. alloiaabl* copper limlia ara 
hand pnmartly on Iha nardnaaa ol tho 
•a la r m i * vb lch tka Iraatad 

lorcn LOKe oTTiciols. 
and llcaUi oflict waimain- will be diachargad and oa^ 

n a l background la«aia lor — I n h 
Copprr l inuu lor dMc t diactiarga 

generally rang* Irani Hg ppoi lar 
rttallvaly aoll water eanUlnlnt M ppm 
c< calcium carbuoaia la IM ppm lor a 
hardiiaai at i n pp« r a k k — ca^ 
honai*. Junnaon iaid 

Torch Laka la relallvaly ad i walar. 
Soma Ut ppm ol eakium carbonate waa 
laund baar Ihe laiDBrack Sandt la 
t t n . bocarding la Dr. David Uddy, 
diracur a< HTU't f»iTitpalta«al Sa/a(jr 

tvana haa dooe rwocaich work oa 
I v c b Lake involving liah Umora, 
sma canceroua, la aaug« and 
wBliey* Haaaarcben don't know what 
c a t M Ihe luinan, but aote that UM 
iake haa keen coalaounaied wilk 
aamapal waau aad copper anlne 
Uiliogt loaded wlUl heavy BWU l . 
Evan* aaumaiaa thouaanda <t paunda 
<d ojpper eniar th* lake aach yaar aa 
waiar runa through Uul io^ wa l 
teaLbra out <t i i i l i tn ia l lying aa U N 
lake i bo tum 

Ibwover, Cvaaa and Oand Kaaaga 
rf UM DNR'a walar quabty wr . 
voUlaaca divtaun Bated that. "Our 
Oiargc la lo protect Uiat laka. Cvea 
Umgh It may be a amall ducbarge la-
la a large iyalan thai la drgiadad. w« 
hare la Iwd aane way ta t u n i 

Johnaon aaid backgroun^cvel i «( 
copper here may be highfi than other 
vaat. calling lor avaa •Irlclar 
llnUlaUuia Kenaga aald l im iu lor 
wMlewatar liral lil lerad. ihan ika inal 
into Torch Lake, might ba ae low aa l> 
pant par kUlMa. aiiual ta « l l ppm. 

JotaaoB alao aatad Kawaanaw' 
Pioinaula acoaytiant ntay have 
<rvnlo(iad a lolaraaoe to copper. 

Copper at I ppm It eomeilmca uaad 
at lo ki l l alga* Lagoon l y t i aB* punly 
aewag* walar through baclenoioglcal 
acUon. illroulatad by algae an) bac-
tcna Johiiaon did not know U the IJ 
ppm copper lo Ihe lagoon'twaaicwatar 
would kil l Utai acuon. 11 hat not hap. 
ptnad bdarw in Michigan, the noted 

1B aummcr mooiht, the auUiuriiy 
can tend trealad watlewtlcr through 
an imgauon ly i icm lor ipraytag avar 
Ihr Tamarack Sandt. 

Although copper It tomelimea ua«l 
la control vrgcuuve growth, "a ana-. 
UHM appllcabea probably wauldo'l ba' 
delr lmenlal" la p lani i an the 
Ttmaradi Sandt. according to Ucnoit 
Biiiner e< Ihe DNR* Morquciie oil ic« 

Ur Krad bbiacb, an MTU roaaarch 
admlnutraior who hat aludied cop-, 
pcf'a dlect on vegetation, aald aomc 
atnaillv* plaou tbow damage al t ppm. 
culver Uthen can aceuauilata large 
anuunu o4 the metal 

tXHach apaculaiad that moat ol the 
copper In the lagoon watiewater would 
be" l iadup"ky organic matter and nul. 
available lor uae by planu H* alto' 
noted that Ihe Tamarack Saoda doee. 
n u i n water wall but 
drtlnaga Into 1 orch Laka. 

Leddy aald U M copper would 
probably tllck oats lunaatone and 
eihar material In Ihe mine talllnga 
rather than wathing Immediataly Into 
UM lake However, rainwtiar would 
loroo oome eappar panlclaa through 
ihetaUif^. 

lo addition la copper, kigh leveli of-
ammonia have been found In PCl't liv. 
ikjatrial dlacharga. That It etpaciad t * 
have IllUa allacl oa U M wort logiai U M 
lagoon lyatan. 

What II may cauae, however, la a i 
odor problem when Iha Ice covering the 
laguiai ly t icm mclia Uut tpnng, ac-
curding l» BI IUMT aod Earia Olaen. 
Biparviaor rf Iha Manjuatu pound 
wtler quality dlvUioi. 

Olaan laid he coiJd ael giMoa how 
kngllModar would laal. t 

"The odora could be e much longer 
Una Ihan pae|)|e Ilka to kavo," he laid. 

3'-(p 
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copper levels entering 
Torch sewage system 

*, 

' 

By BARBAFIA SWIFT ,, 
Gaiette writer ' ",. • , " 

- . ' • * • ' " ' • 

HUBElELL — Peninsula Copper In
dustries has nearly c-ompletied In
stalling a f i l ler syslen to remove cop
per and ammonia (rorr water the plant 
sends U:j-ough the Torch Lake sewage 
system. 

The fi l ter w i l l allow processing 
liquid to pass through while trapping 
So ids en a special clcth, according to 
Bil l Stewart, the company's president 
and chi af executive of f icer. 

In acidition, the company has quit 
hosing ;iown the plant's floc'rs, a prac-
U<'e th;it had sent spills of processing 
liquid 1 -ito the sewage system. 

"Everything's well in hand now," 
- j ;d Stewart. "The (Torch Lake) 

cj«"viag(' Authority w a ; here (Monday) 
momi r^ to check on the system and 
they fcund no efriuent at ail. I think 
we're tack on course. ' 

The company wert off course in 
January, when sewaf.e authority tests 
sliowetl copper lev;l.s 2,400 times 
gi-eate:' and ammnnia 100 times 
g:-eate: than the PCI |>ei-mit allows. 

Sinci; Sepleml>er tne company has 
manufactured copper o.xide from scrap 
electronic circuit boards. It is the first 
bjsineiis lo locate at Michigan Tech's 
new liidus'.rial Park in Hubbell. Tech 
Capital Corp, an invtrsf.ment company 
eitabl shed by the university, is one of 
F'Cl's -tockholders. 

The authority's permit istablishing 
allow, ble l imits of copper and »m-
nonia was issued to Tech as the lan-
downtr. 

The sewage authority, at a meeting 
in latf February, ofl icially gave Tech 
ajid PCI 60 days in ivhich to instal' a 
new system. Stewan said.Monday the 
f i l teni ig system is 90 p<:rcent com-. 
plete. 

' I 'm more than i:onfident" it wi l l 
solve tfie problem, Stewart said. " I ' m 
]x>sitii(e." 

Ste'vart said the company, which 
i;mpl(iys 21 person;;, already has a " 
;iimil:ir system operating to treat the 
plant s effluent. 

"A l l we're doing is boosting the 
aresent system to la te into account the 

. material that got washed in by hosing 
down the floors and small spillages 
that weren't contained," he said. •* i 

"We have a system that Ukes a 
major spil l, storage tanks and pumps 
to collect. The small stuff was getting 
away. Nov with the other system and 

- more tanks, we'll be able to handle it, 
loo," he added. 

' After the solids are-trapped on Uie 
fi l tering cloth, they can be removed 

. and disposed of separately. Liquid that 
passes through will be treated to 
remove copper and ammonia, Stewart 
said. 

VWe're Just waiting for one other 
piece to complete the circui t ," Stewart 
said. 

Authority members stil l don't know 
whether the spill affected the bac
teriological action that makes the 
Tamarack lagoon system function. The 
authority is waiting for test results 
showing bacteria count. 

The authority is also concerned 
about how lo dispose of the copper-
laden wastewater in the lagoon, which 
is expected to f i l l t>efore spring. Copper 
is sometimes used to k i l l aquatic l i fe or 
to control vegetation. 

Chairman Gerald Perreault said 
Monday that the authority wi l l con
tinue lo monitor the company's ef
fluent and may set up a meeting this 
weel' to discuss a schedule of testing. 

Stewart said the amount of copper 
being lost through the sewers was 
minute. The ammonia is not expected 
to have a negative effect on the lagoon 
system. 

The company also sends non<ontact 
cooling water into Torch Lake, Stewart 
said the water is about 70 degrees when 
it re-enters the lake. The company's 
permit, authorized by the Department 
of Natural Resources, allows 120 
degree water, he said. 

Stewart said the warmed water is 
used to heal the floors and building. 

He also said the company, by stop
ping the floor.washes, wi l l also t>e able 
lo decrease the volume of water i t sen-
ds through the sewage system. 

He said the company had not done 
any of its own testing and was leaving 
that up to the sewage auttiority. 

Exhibit 14. 



Exhibit 15. 

. , . , — — < i ( — • > » • ' 

UNDER DNR SCRUTINY 

Tqmarqck lagoon discharge scheduled 
, By BARBAIU SWIFT _ . 
t tiatcllc w r i t e r . : , . : .V' 

I TAMARACK - The Torch Lake 
Sewage-. Authority will begin 
discharging copper-laden effluent 
from the Dearly filled Tamarack 
lagoon into a seepage cell this week, of
ficials said. •'' 

The discharge will be measured in 
"inches" and is intended to make room 
in the six-foot, 10 million gallon lagoon 
for water it.coUecU during spring 
ninoff, -:i ".,. ^ .,, 

About six to 10 inches of effluent will 
be discharged,' authority Chairman 
Gerald Perreault said. He did not know 
how many gallons the inches represen-

Perreault said the dumping is being 
monitored by Ihe Michigan Depart
ment of Natural Resources. "They're 
looking over our shoulders," he said 
Monday, 

I The lagoon — one of two in the Torch 
Lake sewage system; the other is in 

Lake Linden — was contamined earlier 
this year when a copper oxide plant ac
cidentally dumped high levels of cop
per and ammonia into it. 

Tests show the lagoon's copper is aa 
. high as 13 parts per million. Al least 
. one DNR official has said an intense 

shot of ttial much copper could kill fish 
' and plants in the discharge area. 

Discharging slowly would have th« 
least damaging effect. Ihe official said, 

Perreault said the authority will run 
tests to determine what effect. If any,, 
the extremely high levels of copper 
will have on Torch Lake. Because of 
copper contained in stamp sand, the 
leftovers from copper mining, the lake 

'i ranked 21it on the DNR's list of highly 
I contaminated sites around the stale. -
) The seepape cell, located on a stamp 
•\ sand peninsula that Juts into the lake, 
', allows the effluent to discharge slowly, 

filtered by sand, before it enters the 
, water system. 

Perreault said that samples have 
been taken al the six m.onitoring wells 

near the lagoon to provide background 
data on how much copper and am
monia the water normally contains. 
Ammonia, , normally considered a 
nutrient, is not expected to cause a 
problem, officials said earlier. 

Samples after the discharge will 
provide a comparison, enabling the 
authority to determine the amouni of 
coppeK picked up by soil and water 
near the seepage sell. 

If testing and retesling shows little 
damage, the process of dumping the ef
fluent by inches will continue until the 
lagoon is emptied, Perreault said. 

Liagoon systems work by purifying 
sewage water through bacteriological 
action, stimulated by algae and bac
teria. Copper al 1 ppm is sometimes 
used lo kill algae. 

Although Perreault confirmed that 
tests show a marked decline In bac
teria in the Tamarack lagoon, he said 
the authority is l)eing "very cautious" 
in its statements about whether the 
lugoo:: i& dead. 

"We can't tell." said Perreault. 
"For us to make foolish or rash 
statements is really up in the air. 1 
can't make that kind of comment, 
neither can anyNidy else." 

He said the authority is suspicious of 
the bacteria lest because lab 
technicians couldn't be sure the sam
ple wasn't contaminated. 

"One test showed 'Lab Accident' on 
Ihe doggonned thing," said Perreaull. 
"That's why we're not quoting those 
figures to anybody." 

He added that experts say the 
authority may have to wait until sum
mer's high temperatures t>efore deter
mining whether the bacteriological ac
tion has been killed. 

"Every one of the experu we've 
talked to say the thing would essen
tially take care of itself. There's no 
special bacteria action that hdS got to 
be created," he said. "If we can dump 
what's there, the lagoon may revitalize 
itself." 
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/ Tuesday, Apr i l !? , 1984 

Tech park pantidumDjs 
waste;iht6 
B, BAHBAfiAStVlFT.'- .<.^• ; ; ^ . . 
(iaifii^'riter ' 7 ' i-.. 

HUBBELL ~ A Michigan Tech-
sTK̂ rÂ rwd coDpcr reclamation plant in 
ilubtxlJ has dumped Its industrial ^ 
wa^tpwater cirscUy into Torcli Lake, ' ' 
vic'iating a state permit. • • ' " ' '.V-..- > " 

Peninsula (Topper Industries, Inc., 
I dis<:harged in March nearly 30,000 

gaKons of eff uent containing copper 
suliJde, ammjnia and sodium, ac-
•xrtfing to datii provided the Michigan 
Department ol Natural Resources by 
Tech off icials. . 

It is the second incident of con- . 
:aminabon by I ' d in two months. The 
first incident iivolved high levels of .1 
<:opper and ammonia being sent into -
the Torch Lake :>e*age System. 

A/fer the seci>nd incident, the DNR 
ordered the company to clean up the 
Tonh Lake shor;line. 

A Bark River firm, using vacuum-' 
opera ted hoses,' has been sucking 
h<avy black silt — some as much as a ' 
fo;it deep — from tJie lake since April 6, '.; 
acirording lo Dav d Williams^ a surface' 
wMer quality specialist «ith the ,' 
Df.R'sMarquettt office. 

I'CI was issued a state Water . 
Rewurces Comm ssion permit in May 
iX\ to pipe into the lake the clean 
wa.er it uses for cooling machinery, 
anc gnxjnd seepiige, snow melt and.* 
rain diverted .to tî ê pipe by storm ? 
drains. ' • ' '• ' ' ;• 

^V:l]iams said Ue DNR ordered t he ' 
company to pull cut a pipe that coo-; 
nectc?d a plant floor sump with the 
cool ng v.ater pipe The sump collected^ 
disc! large from th? waste treatment. 
systi^m. The dsconnection was 
veriled Friday, he aid. " • , . . • ; . 

sulfide, 183 pounds of ammonia and 2S(t 
pounds of sodium sulfide. 

lagoon,. : .* ' ' * . • . ' ' ',• 1 
The copper being sent through the ,] 

Leddy said copper sulfide is con-^ system was nearly 2,400 limes the level \ i 
sidered a hazardous waste by the V.S 
Environmental Protection Agency 
because of its high copper content. The 
DNR has already declared the lake 
contaminated with cooper. The univer
sity recently-was autt.orizeii to receive 
an $S2,500 state grant to study copper 
and determine whether it may have 
caused or contributed to fish tumors 
found in Torch Lake sauger and 
«alleye. 
^ Leddy said the copper sulfide lifted 
from the lake will be trucked to a state-
Vipproved disposal site. 

Because of the n latively low acidity 
of Torch Lake, the copper sulfide — 
highly insoluble and dense, causing it 

allowed in tl-ie TLSA's permit, which 
was officially issued to MTU.ta laih 
downer. • / :' v '• ' '• . ' '^''.'' 

Authority officiab say they won't 
know until summer whether the high 
copper content may have killed the 
bacteriological action that makes the 
lagoon system work. The DNR is 
monitoring the dumping of the lagoon 
Into a seepage cell near the lake. 

To prevent further contamination. 
Ihe company installed a filter meant lo 
trap the copper and ammonia par
ticles, Leddy said the filler was 
inadequate and another filter has been 
InsUlled. J, • ^- •. 

Koepel said that contract with Slen-

Vacuum hoses have been sucking ^ . ;• 

heavy black silt—some as much as 

a foot deep—from fhe lake since April 6 

U» sink lo the lake bottom — is not ex
pected to leach into the water column, 
Leddy said. 

He said ammonia is generally con
sidered a nutrient; the sodium — used 
during processing lo solidify soluble' 
copper — will have little, if any, effect 
en the lake, Leddy said. 

Ed Koepel. Tech's vice president of 
operations and finance, said the clean
up was for "aesthetic" reasons. 
However, "If it was red, white and 
blue and looked terrific, it simply 
should not have been put out in the 
water," said Koepel. 

berg Bros, was done on a Tech pur
chase order "because we want to make 
sure this is done." PCI will, however, 
foot the clean-up costs, he said. CoBts 
could range as high as $5,000, Koepel 
s a i d . '• • • • 

Williams said a penalty (tould be im
posed by the DNR. He said the DNR 
usually looks at how much it would 
have cost to treat the wastewater 
properly, plus a fine for damage to the 
resources. 

After data Is collected by the^ 
Xiarquette district office, it»ill be sent 
to Lansing for review by biologists and 

The discharge was fvporicd March _ others. Williams said 

PCI, which manufactures' copper 
oxide from scrap eiecti-onic circuit 
bciarcis, is Ihe first company to lease 
^ace at Michigan Tech s Technology 
Park in Hubbell. 

Tech Capital Corp , a small business 
in^•eslment. group e>tabli:>hed by the 
ijiivei sity, is one of the stockholders in 
PC! 0 -d was one of he major movers 
ji setting up the company. 

The clean-up company, Stenbcrg 
Brcs. <if B.irk River, was expected to 
s£ mple the lake tottom today to see if 
any remnants of tho copiser sulfide 
r«rr,ain. according t ) David Leddy, 
di-eclo- of Occupati'inal Safety and 
Hi'allh 111 Tech. 

The lischarge — from March 9 
'iuough March 27 - contained ap-
prciximji'ely SM pounds of copper 

X to the DNR by ^11 Stewart, PCI ' ; 
president and .executive .officer, 
Williams said. Stewart was on 
vacation and. unavailable for com
ment. 

Koepel said the spill was discovered 
by a Tech employee assigned to over
see construction work at the industrial 
park. 

Koepel said university officials "in
sisted immediately that corrective ac
tion be taken so that it does not occur 
again. We monitored (the company's) 
report; they did report it properly lo 
the DNR." 

The first incident of contamination 
by the company was noted by the Tor
ch Lake Sewage Authority. In 
February, the authority ordered the 
company to clean up the copper- and 
ammonia-tainted processing water 
being flushed through the sewage 
system into the authority's Tamarack 

Leddy agre>M] that the incident poin
ts oul th< need for MTU lo cionitor^ac-^ 
tivilies at the industrial park!^ ' . ' 

"We were not very happy at all." 
said Leddy of the company's^ 
discharge, particulariy since it was the* 
second incident. "I think were going lo 
have lo keep a closer watch (on site ac
tivities) than in the past." '. 

Koepel said the university has "very 
little if any" technical or legal respon
sibility to monitor the private com
panies that operate at the industrial 
park. 

"On the other hand," said Koepel, 
"our objective is to try to support en- • 
trepcneurial development, support , 
jobs and support industry. The only 
way we can successfully do that is in a 
way that is compatible with en
vironmental laws, rules aod 
regulations." 



^ 

' Peninsula •Copper-lndiistrtes.'lnc.. • «sconnecM and a clem-np effort kai 
bat been s ^ i n g wastewater directly i*e«» anderway since April t. The tora-,...--
Into Torch Lake vla*a pipii^ system "P^ny pl»nl. shown io the background, ^ 
Bieant for 'dean cooling water. The to aC Michigan Tech's Technology Park 
t>epartmenl vf Natural ReM>nrces or- •" Hubbell. tCaiette ^holo by ScoJt 
dered some piping Inside the plant Heckel) .- • r 
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5 million galLs ia<yi, ^̂  
water drained out 5% I 
of Tamarack lagoon ! 
By BARBARA SWIFT - • • 
Gazette writer . .- . . 

LAKE LP'JDEN — Spring runoff has 
forced the Torch Lake Sewage 
Authority tq drain off an estimated five 
million gallons of copper-tainted 
uasie^ater Irom its Tamarack lagp^p 

ITie sew age authonty discharged the 
e'fluent into a seepage pond before 
hearing the results of tests that were to 
show whether the high levels of copper 
would affect Torch Lake. 

"Spring thaw stepped in at just the 
wrong time for us," Chairman Gerald 
Perreault told authority members in 
Lake Linden Tuesday. 

The authority originally intended to 
dump 6-9 inch« of wastewater — con
taminated with industrial discharge 
from Peninsula Copper Industries. Inc. 
— into the seepage cell on a stamp 
sand peninsula that juts into the lake. 
The authority ordered tests to compare 
uell water samples before and after 
ttie dumping. 

But after the first discharge — 9' j in
ches in the first week of April — the 
lagoon rapidly refilled to its 7-fool 
level, Perreaull said. The authority 
pulled the plug for a second time last 
week, allowing three feet of water to 
dj-ain into the cell before the second 
batch of tests was completed. 

In all, about four to five million 
gallons of water was discharged, 
system operator Leiand VerBerkmoes 
said. 

VerBerkmoes explained the spring 
runoff problem to. authority members. 
He held up flow charts to show how-
much water enters the Tamarack 
lagoon daily. 

The highest per-day figure was 
2)7.000 gallons of water and sewage. 
Each of the two lagoons in the 
problem-wrought (8 million system. 

completed in 1960 and owned by -
^ Houghton County, was designed to take ' 

in 100,000 g.illons a day TheTamar.ick 
lagoon holds a total of 10 million 
gallons. 

"At that rate." he told the board, ' 
"we'll be filling the lagoon up in a mon -
th It's supposed to be six months." 
• The Tamarack lagoon was con
taminated eariier this year when PCI, 

'located at the Michigan Tech . 
Technology Park in Hubbell. dumped 
effluent containing high levels of ^op 
per and amn^onia into the system.';'' '. > 

According to Tech officials, the com
pany has now installed a filtering 
system to trap the ammonia and cop
per particles, 

Perreaull said PCI has since 
discharged its effluent three times into 
the lagoon system. Samples were 
taken and one problem of con-
tamina'ion — Perreaull said it came 
from a plant lunch mom sump — was 
cleaned up t>cforc discharge. 
• Authority members authorized Ver

Berkmoes and Perreault to check the 
sewage system's spray irrigation 
mechanisms and decide whether the 
ground at Tamarack is saturated. If 
not, the spray irrigation systpm may 
be activated this weekend. 

The authority also accepted Ver
Berkmoes' resign.nlion. He has been 
system operator for about !•; years -
and is taking a job with the Michigan 
Department of Corrections. 

After a lengthy discussion, the board 
agreed to take applications for the job • 
until S p m. Saturd^iy. A hoard 
screening committee will meet at 7 
p.m. Saturday to screen applications 
and the authority sl.ited a special , 
meeting for 7:30 p m. Monday night for 
an application review and possible in
terviews w ith job candidates. 



HyBAItRARA SWIFT 
Ga?etie writer 

MI I R R F I 1. — A Kir u ^ n r i i f r t ^ r l p a n -

up at Michigan Tech's Technology 
Park was complicated when the 
material pulled Irum Torch Lake was 
contaminated with fuel oil, officials 

. said, 
I The copper sulfide-lake water mix

ture was contaminated when It was 
pumped into two 20,00U-gallon fuel 

I tanks on the Torch Lake shoreline, ac--
cording to the Department of Natural 

. Resources. 
"The cleaned-up material got put In 

: tanks that had oil in them," said Jack 
Rydqulst, district supervisor of the 
DNR's surface water quality division 
in Marquette. "There were some un
fortunate decisions made..." 

I In eariy April, the DNR ordered the 
copper sulfide removed from the lake 
bottom after Tech employees noticed 
Peninsula Copper Industries, Inc., was. 

T 
I 

vinla/iiV slate regulations by 
disch^q<iAp. processed water directly 

"into the lake. 
'ViM^ ^itmrinnu u . l u r h mani i fnpl l i r^f t 

copper oxide f.'um scrap tlpctronic cir
cuit Iwards, is the first to lease a 
building al the university's industnal 
park. . . . . -

Clean-up efforts — organized by 
,Tech but expected lo be paid by PCI —. 
' involved vacuum-operated hoses which 
pulled water and the black dense cop-> 
per sulfide up from the lake's bottom,' 
then Bluffed it into the storage tanks. 

' Rydquist said Tech sent divers down 
Thursday to survey the dumping area.' 
It appears that most of the copper' 
sulfide has been cleaned up. .Samples, ' 
however, will be taken at 3&foot depths 
some SO feet offshore as a doublecheck, 
Rydquist said. 

>.- Rydquist said the original plan was . 
to treat the water in the lank, then 

^ discharge back into the lake. "With the 
' < . . >. > , / . ' , ! i ; - • • • . , • 

K P/irL" / " l^nr>_i iK 
>ie*i i i • i V, \ 0 > i \ ^ • ^ J 

nil, that's not passible," he said. 
He i>aid Michigan Tech is doing 

"pilot studies" lo determine the tiest 
u )nu I n <.,»mou«k I h ^ m i l TAm I h ^ U i A l p r 

Ed Koepel, Tech's vice president of 
operations and finance, said ttieuilcan 
be soaked up with oil-absorbing pads or 
filtered through sand which would then 
be disposed of in a toxic wast^ dum-
psite. Activated charcoal will also al>-
surboil. . ' 

' Koepel Said that using Ihe storage ' 
tanks was "kind of a stroke of luck." .* 
He said that if S.OOO-gallon. Unker \ 

'water and copper sulfide, the cost "•̂  
would have been greater than treating ; 
the'oil problem. . ' . , " ) , . _''^ 

."We don't see this as 'a significant ^ 
problem,", he said. "This is by far t h e ' . 
most economical way to do it,'' ' ., ] 

• , , . ,. „ , . Meanwhile, DNR officials say they;-', 
!^rJc^!;L'!,"::::*„'!:r:!:*=if^^^^ ^ p e r «.lfide dumped mto- i 

the lake to have little environmental 
the tanks had been used to store fuel 
oil. But they t>elieved, when they made -
the decision to store the material, that 
the oil residue was not enough lo cause'* 
contamination, he said. . ,-' ^ ' 

• Officials also felt time pressure frorn -
melting ice, he said, - > : 

"We opted lo (store) it, right then 
and there," said Koepel. "The ice was,^ 
there, preventing wave action from' 
dispersing the stuff. The initial driving 
force was,. 'Get It out before it ; 
spreads.' '*'••.: '-: "''-, j .'•. " ••'* 

eiioci, , .... ^ , , .„ ,^ ., .„• 
Tom Rohrer of the DNR's toxic,,] 

chemical evaluation unit siid the cop- J 
per sulfide — classified by the U.S. En- "̂ ; 
vironmental Protection Agency as a'< 
hazardous waste — was likely toxirto 'i 
small- organism*• living at the <( 
discharge site. He said that fish, *. 
however, would sense , an irritation \ 
from the copper and move oul of the f 
area quickly,.^^..,\t - - * 

•Vc- t ' 

Clean-up efforts al (he Peninsula 
Copper Industries, Inc., plant at (he 
MIchlRaM Tcck Technoieity Park In 

Hubbell were complicated when lake 
water and copper sulfide Uken from, 
Ihe bottom of Torch Lake was stored In ' 

.H . 

•1 

J 
these two fuel oil Unks'; Department of must b e ; removed from,-the water;? 
Natural Resources officials say the oil ' 'bcforit;. It" Is , retaraod i«" lb* lake:.!'' 

'•':-•'^;!'V':fxi;^:.v>.' ^'i '-'V^i'!-.^'- <G«wttepiieCeby Sc^t H e c k e l ) - V - r ^ 
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PCI to test fiberglass ^ ' 
pi lesneprJprch Lake ^ 
By BARBARA SWIFT , 
Gazette writer ,. 

* HUBBELL — Peninsula'Copper In 
dustries. Inc., will test two piles of 
treated fiberglass for chemicals that 
could leach into Torch Lake. 

The fiberglass is waste material that 
is - left after the ' company has 
chemically treated the electronic cir
cuit boards from which it manufac
tures copper oxide. ' - -

It is stored iii two piles outside the 
company's plant at the Michigan Tech 
Technology Park in Hubbell and 
several hundred feet from the lake's 
shoreline. ' • 

Hank Switzer of the Department of 
Natural Resources regional office in 
Marquette said he suggested the com
pany perform the tests because of a 
strong ammonia smell coming from 
the waste material. 

Switzer said at this point he docs not 
consider the material a threat to the 
environment and less serious than the 
company's previous contamination 
problems. •* ' 

"Of all the problems. It's the last I'm 
concerned with," Switzer said. 

The company has been cited by the 
DNR for illegally dumping processing 
water into Torch Lake and by the Tor
ch Lake Sewage Authority for sending 
excessive amounts of copper and am
monia into the sewage system. « 

'It's not a hazardous waste piled up 
out there," Switzer said Tuesday, 
However, he added, "Ihe only thing 
that should be on there is fiberglass." 
. Switzer said the material, which he 
estimated at several tholisand yards, 
cBd not appear blown around the area 
by wind. 

Company officials originally told the 
DNR — when the plant location was 
planned for the Quincy Mining Co. 

•property in Ripley — that waste 
material would tK dumped at the Por
tage Township landfill, said Switzer. 

The Hubbell location is out of the 
Portage landfill's collection area, he 
said. 

Switzer said he suggested the com
pany contact Calumet Township of
ficials about dumping there, perhaps 
in a Type 3 landfill — which allows 
material such as flyash from coal and 
foundry sand — that he said township 
Supervisor Paul Lehto is planning. 

However, "If it's clean and just 
Fiberglass that's inert, then it wouldn't 
require any landfill." Switzer said. 

Switzer said he suggested that if the 
company intended saving the 
fiberglass for resale or as an energy 
source, a belter way to store the 
material would be bailing rather than 
stockpiling. 

He said that company officials had 
assured him "something will happen in 
the next tew weeks." 
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SECTION X 
COPPER OXIDE MANUFACTURING PLANT 

10.1 INTRODUCTION 

Amnonia lea;hing as a process to dissolve copper from Calumet and Hecla 
conglomerat2 tailings and scrap was pioneered in the Michigan Copper 
Di'strict. The process consists of dissolving metallic copper in ammoniacal 
solutions and then distilling the solutions to produce cupric oxide. 

In 1983, PCf -constructed a copper oxide manufacturing plant to use new 
technology for increasing efficiency and decreasing cost. Low grade copper 
s c a p such as copper clad circuit boards, electric motors, and copper clad 
metals have been the principle source of metallic copper. Between 1983 and 
1939, PCI's production of cupric oxide has increased from 2.5 million to 
eight million plus pounds annually. A 10 to 15 percent annual increase in 
consumption of copper oxide in wood preservation and catalyst applications 
has made centinued.plant expansions necessary. At present, PCI consumes in 
excess of SO^^of'the''avaTfabTe^ow'grade copper scrap in the United States 
ard Canada. In order for PCI to maintain market share and to diversify its 
copper based product lines, it has become necessary to develop alternative 
scarces of copper. There are three other major sources of metallic copper 
available: 

(1) No. 2 Recycled Copper Scrap 
(2) No. 1 Recycled Copper Scrap 
(3) Native Copper Ore Concentrates 

Nc. 2 recycled copper scrap has a contained copper content of 95% 
The balance being tin, lead, zinc and other metals which are not desirable 
in a copper oxide or copper sulfate product. No. 1 recycled copper scrap is 
95;'.9% contained copper and is a very suitable product for ammonia leaching. 
The big disadvantage is the high price and competition for this source of 
ccipper. It is a very desirable product for smelters and refineries for 
conversion to cathode or_wire bar_. The fflost"'suitable alternative is native" 

'ccpper^concentrates^from.the area mines', which are very suitable for 
arimoniacal leaching and do not contain contaminates harmful to the copper 
products produced. 

With the acidition of native copper concentrates as an additional source of 
copper, thf! PCI plant will be able to expand Its copper oxide production 
C:ipabi 1 it ics to 16 million pounds per year and allow a portion of the 
P'odaction to be converted to other copper chemicals such as copper sulfate. 
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10.2 HISTORY OF AMMONIA LEACHING 

In 1870, A, J. Ouffield reported that significant amounts of copper were 
being lost in tailings from the mills in the Michigan native copper 
district. Ouffield and W. G. Frue experimented with numerous reagents to 
dissolve copper from the tailings, and concluded that this could be best 
accompl ished with ammonia leach solutions. Thomas MacFarlane - a Canadian 
well acquainted with Lake Superior metallurgy - stated he had successfully 
renoved copper from fine grains of conglomerate ore with ammonia solutions. 
Enest LeSueur, a Canadian metallurgist, obtained a patent in 1904 for 
recovery of ores with ammoniacal solutions. LeSueur specifically mentioned 
thit the method worked well with Calumet and Hecla conglomerate ores. 
Ai:hough ammoniacal leach solutions had proved to be an effective method to 
renove copper from tailings, there was no method to recover copper from the 
solutions. A chance notice of a Russian patent by a Mr. Gadmosky on 
distillation of waste products to recover ammonia provided the key. 
Sujsequent laboratory and pilot plant testing at Calumet and Hecla showed 
that boiling or steam distillation resulted in complete precipitation of 
coDper oxide and driving off of the ammonia. Under the direction of C. H. 
Benedict, Chief Metallurgist, a 2,000 ton-per-day plant, with projected 
exDansion to double the size, went into operation in July 1916. For the 
fi-st thirty years, the primary purpose of the Calumet and Hecla plant was 
to produce copper oxide to be smelted into metallic copper, although small 
amounts of oxide were sold. As the demand for copper chemicals grew the 
need to convert oxide to metal was discontinued. 

10.3 PRODUCT USES 

The leaching process will produce a product whose physical and chemical 
characteristics make it suitable for direct marketing. Cupric oxide is in 
great demand by many industries and agriculture* 

Industrial uses: 

Pressure preservation of wood 
Catalyst for petroleum refining and coal gasification 
Catalyst in processes involving alkenes, alkynes, ammonia, ethanol, 

cumene, and carbon dioxide 
Color formulations in glass and ceramics 
Components of electric batteries 
Preparation of brake linings 
Pyrotechnics (Fireworks and flares) 
Igniters for solid fuel rockets 
Propel 1 ant for auto safety air-bags 
Catalyst for producing artificial vanilla and sweeteners 
Mercerlzation of cellulose and artificial silk fiber 
Catalyst In self cleaning ovens 
Heat collecting surfaces In solar energy units 
Regeneration of copper plating solutions 
Copper powders 
Copper sulfate and other copper salts 
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Agricultural Uses: 

F'jngus control on nut groves, peanut plants and citrus 
Copper deficient sol Is 
Micronutrients in cattle and poultry feeds 

10.4 PR3CESS DESCRIPTION 

Copper o<ide can be manufactured by dissolving metallic copper with a 
solution of cupric ammonium carbonate. The reaction can be represented by 
the chemTcal equation: 

C J O +• Cu{NH3)^^•^^• C O ^ " #- 2 Cu(NH2)2"*"+ C O ^ — 

In the presence of air, oxygen will oxidize the cuprous solution as follows; 

1/2 O2 + z c i i { m ^ ) ^ ^ 3NH3 + NH^*+ HC0"3 — a . 2CU(NH.J)^"^'^-K:O ••+H2O 

thereby regenerating the cupric ammonium carbonate. Copper oxide can be 
produced from either the cuprous or cupric solutions by distillation. The 
reactions are as follows: 

2 CuCNH^)^'"^ CO^"" Heâ t CU2O + 41NH2 + CO^ or 

Cu(NH2),^"^+C03" Heat^ CuO + 4NH2 + CO2 

The overall process consists of four steps: 

1. Leaching 
2 . Distillation 
3. Solution Regeneration 
4. Oxide Recovery 

Leaching of the native copper concentrates and copper scrap will be carried 
out as a batch operation or in a continuous leaching reactor. 

The pregnant solution will be continuously distilled in a proprietary 
distillations vessel developed by PCI, producing a copper oxide slurry and 
the recovery of ammonia and carbon dioxide gases. 

The leach solution will be regenerated by absorbing the ammonia and carbon 
dioxide from the distiller Into the liquid (still liquor) obtained by 
filtration of the slurry. This will be combined with a portion of the 
pregnant solution which has been oxidized with air to form new leaching 
solut ions. 

The copper- oxide slurry will be filtered and the oxide filter cake will be 
dried, calcined and packaged for shipment. 
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10.5 PROCESS FLOWSHEET 

The follo^^ing flowsheets give a detailed description of the leaching 
process, from the addition of native copper concentrates to tine leaching 
reactors through the packaging of the copper oxide for shipment. 

10.6 PROCESS EQUIPMENT 

The folloviing sections describe the equipment required for the four basic 
«teps of the process. Detailed descriptions and costs of the components are 
1 isted in the appendix. 

0.6.1 LEECHING 

Low grade scrap - this source consists of three basic types - copper clad 
circuit board trimmings, copper clad metals and electric motors. Copper 
clad circuit board is shredded, chipped and conveyed to a silo prior to 

^ , leaching. The chipped laminate is leached in a continuously rotating 
reactor. The reactor is a cylindrical steel shell with a discharge cone 
fiiounted on trunnions. The 40-foot long reactor is driven through a series 
cf reduction gears to turn the reactor >fery slowly (one revolution every 12 
minutes). The chipped copper board is conveyed through the reactor with the 
l-elp of flights and lifters. The lean leaching liquor is pumped counter 
current to the board and dissolves the copper and thus becomes a rich liquor 
v̂ 'hen discharged. The retention time required is approximately eight hours. 
The barren board chips discharge into a rinsing cycle prior to being heat 
cleaned. The other two low-grade copper scrap products, electric motors and 
copper clad metal lies are leached in stationary reactors. Mobile scrap 
handlers load the scrap into a cylindrical reactor generally nine feet in 
diameter and 12 feet high. The reactor lid or cover fits tightly into a 
vsaterseal to prevent loss of ammonia vapors. The bottom of the reactor has 
a perforated screen deck with a pipe manifold to allow passage of leach 
solutions and at the same time add oxygen for oxidation of the leach 

^ y solutions. The lean leaching solution is pumped into the reactor from a 12 
thousand gallon storage tank located near the reactors. The solutions are 
circulated through the reactor using a pump until the solution becomes 
enriched with copper. After the leaching cycle is complete the substrate 
residue ore in the form of steel wire, stainless and motor shells are 
removed from the reactor and further processed for resale. 

Native copper concentrates - this consists of two products - jig concentrate 
and flotation concentrate. The jig concentrate is 90% copper and Is course 
enough to be loaded Into stationary digestors. The flotation concentrate 
is 43% copper and fine and dense enough to require leaching in a continuous 
reactor. The flights and lifters will allow agitations and mixing for more 
effective removal of the copper by the leaching solutions. The residue from 
both the stationary andcontinuous'Veactors wllT be rinsed and shipped to a 
sme 1 ter" for s \ 1 ver'recoveryl'' 

The enriched solutions from the leaching process are pumped to a rich 
storage tani< prior to the distillation step. A portion of the rich liquor 
is returned to the leaching section for regeneration of the leach 
solutions. This process will be further discussed under solution 
r egenerati ô n_̂  
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i;),6.2 DISTILLATION 

Tlie process by which the enriched l iquor from the leaching process Is heated 
ti) p r e c i p i : a t e copper oxide and d r i ve o f f ammonia and carbon d iox ide Is 
h:?rein ca l l ed d is t i 1 l a t i o n . The enriched l i quo r to be used in the 
d St i l l a t i o n step is pumped from the r i ch l i quo r storage tank into the 
d ' r e c t - f ir<>d d i s t i l l e r in which copper oxide is p rec ip i t a ted and carbon 
d iox ide anci ammonia are dr iven from the s o l u t i o n s . The D i s t i l l e r Is 
espec ia l l y designed to e l iminate the problems of scale b u i l d - u p , a serious 
pi'oblem in d i s t i l l i n g ammonia leach s o l u t i o n . The D i s t i l l e r is heated w i th 
natural gas. The s l u r r y conta in ing cupric oxide is discharged from the 
d i s t i l l e r under pressure and into a holding tank before en te r ing the oxide 
riiicovery s fage. 

ID.6.3 SOLUTION REGENERATION 

Solut ion rt !generat ion refers to the make-up, recyc l ing and e f f l u e n t 
*| .1' treatment cif so lu t ions used in the process, and therefore is an essent ia l 

siiep from both environmental and economic po in ts of view. The p r i n c i p l e 
ol: i jectives in t h i s step are to recover the ammonia and carbon d i o x i d e , to 
rciconst i t u l e the leaching so lu t i on and to t r ea t waste so lu t ions when 
ncicessary fo r discharge to the environment. Solut ion regenerat ion consis ts 
0 •• three s teps: 

l ( i l .6.3.1 Condensing the ammonia and carbon d iox ide vapors from 
T St i 1 l a t I c n . 

10.6.3.2 Cxidat ion of the recyc le so lu t ion to convert cuprous copper to 
the cupr ic form. 

10.6.3.3 Bleeding a ce r ta in quan t i t y o f s o l u t i o n from the system to 
r ra in ta in the water balance of the system and removing the copper, 
emmonia and carbon d iox ide from the so lu t ion before d ischarg ing 

"•• *' in to the environment. 

The mix ture of ammonia, carbon d iox ide and vapors leav ing the 
C I s t i H e r w i l l be condensed in a heat exchanger, using f resh water 
as the coo lant . The condensate is co l l ec ted in the recyc le 
so lu t i on tank. The hot water from the heat exchanger can be used 
for bu i l d ing heat . 

The recyc le so lu t ion is passed through a packed tower counter-
cur rent to the f low o f oxygen. The oxygen ox id izes the cuprous 
copper to the cupr ic form and the ox id ized recyc le so lu t i on is 
then pumped to the leaching tank fo r reuse. Any excess oxygen 
e x i t i n g the ox idat ion tower ca r ry ing ammonia and carbon d iox ide 
(Tust be recovered. This Is done in an absorpt ion tower using 
f i l t r a t e ( s t i l l l i quo r ) from the copper oxide f i l t r a t i o n as the 
absorbing l i q u i d . The oxygen from the absorbing tower s t i l l 
contains traces of ammonia and carbon dioxide which was recovered 
in a scrubbing tower which uses water as the scrubbing f l u i d . 
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FIGURE 1 0 . 5 
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The volume of the bleed stream will be approximately equal to 
:he water used in rinsing the conglomerate residue plus the water 
jsed in the scrubber. If the evaporation rate is greater than the 
"inse water and scrubber water, make up water will be added to 
Ddiance the plant liquid volume. If the rinse and scrubber water 
volume increases (winter months) due to lack of evaporation, a 
small bleed stream will be withdrawn from the rinse system. The 
srnall amount of copper in this solution will be precipitated as 
:opper sulfide by the addition of sodium sulfide. After filtering 
Dff the copper sulfide, the solution will be distilled in a small 
tower to remove any remaining carbon dioxide and ammonia. This 
solution will be pumped into the torch Lake sewage evaporation 
ponds per agreement. Make up anhydrous ammonia and liquid carbon 
dioxide are introduced to the system by adding small amounts at 
the recycle storage tank. 

10.6.4 Oxide Recovery 

'I, This is the process by which copper oxide is recovered from the slurry after 
distillation. The hot slurry from distillation is discharged under pressure 
tinrough a cooler and into a holding tank with a mixer to keep the slurry in 
suspension. The slurry is pumped from the mixing tank into a thickener. 
Tne heavy copper oxide settles to the bottom of the thickener, where it is 
pjmped i:o a rotary drum vacuum filter. The copper oxide filter cake is 
conveyed into the top of a rotating tray dryer. Scrapers move the cake down 
slots in the trays which are revolving in a circle. A gas fired heater 
circulates hot air over the trays to remove the moisture from the oxide. 
'.̂ hen the oxide is discharged from the tray dryer, 95% of liquid has been 
rt?moved from the product. The product is conveyed into a rotary gas fired 
calciner and heated to 1,100 degrees F to remove the balance of the liquid 
and also calcine the oxide so it will be soluble in wood treating 
solutions. The dry copper oxide is cooled and pulverized to remove any 
lumps prior to being conveyed to a storage bin. The bin is constructed in 
two sections to allow the material to be packed In paper bags or bulk 

%\0 containers. 

10.7 RAW MATERIALS 

10.7.1 Low Grade Copper Scrap 

10.7.1.1 Copper Foil Laminated Scrap 

The circuit board stock used by the electronics industry is prepared by 
laminating copper foil to res in-Impregnated fiberglass cloth with heat 
and pressure. If the fiberglass cloth is woven, the material Is rigid, 
whereas if the fiberglass is felted, the material is semi-rigid or 
flexible. The majority of the material Is rigid. 

After laminating the copper foil to the res In-Impregnated fiberglass, 
the sheets are trimmed by cutting off the rough edges. These trimmings 
constitute the main source of primary scrap. When cutting the sheets to 
the specifications required by circuit board consumers, additional waste 
trinmings are produced. In addition, defective sheets are occasionally 
manufactured and must be discarded. Seventy percent of the copper scrap 
presently processed at the plant originates from these sources. 
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The thickness of the copper foil ranges from .001 to over .004 inches. 
The industry purchases copper foil ranging from 1/2 oz. to 10 oz. per 
squari? foot. The res In-impregnated foil also varies in thickness 
depen<iing upon the number of layers of laminate used in the producing 
of thi; laminate. Combinations of foil thickness and number of layers 
of laninate can vary the copper content of the scrap from 15 to 70 
percent. 

At prfjsent, there are not many other economic methods to treat this 
type of scrap. The ammonia leach system Is ideally suited to process 
this naterial, as the copper is dissolved in a matter of a few hours 
and the fiberglass is not effected by the leach solutions. 

10.7.1.2 Electric Motors 

The Anerican economy produces millions of pounds of AC & DC motors each 
year. Motor sizes range from fractional HP to large 1,000 HP motors to 
drive mine hoists. Motors consist of windings and armatures using 

til ii» copper wire for conduction of electrical current. Approximately 17% by 
weighn of the average motor is copper. The balance being steel and 
aluminum. Recycling of motors is a problem due to the low copper 
content and the mixture of steel and aluminum which is undesirable for 
the s':eel and foundry industry. To recycle motors properly, they must 
be processed through a hammer mill or shredder to demolish the steel 
housings, then a burning process is used to remove varnish and 
insuldtion from the copper windings. After the leaching process 
removes the copper the balance of the motor can be further processed to 
magnetically separate the steel from aluminum. 

10.7.1.3 Copper Clad Metals 

The arimonia leach process is also used to recover copper from a wide 
varieny of clad materials. A key feature of the ammonia leach process 
is thiit it does not attack, iron, steel and stainless, and therefore, 

<̂ *' many l:ypes of scrap such as copper clad grounding wire, telegraph wire, 
copper clad heat exchangers and cooking utensils, etc. are easily 
treated with this process. It Is important to note that removal of the 
copper from .the steel or stainless increases the value of the 
substrate. It is then easy to recycle into the steel mills and 
foundries. 

10.7.2 Native Copper Concentrates 

To supplement low-grade copper scrap, native copper concentrates will 
be ust!d from the Centennial and Kingston mines. The Keweenaw Copper 
Distr ct contains the world's largest deposits of native copper, a form 
ideal for ammonia leaching. Conglomerate ores from the Centennial and 
Kingston mines will be concentrated in the Centennial mill producing a 
nativt! copper concentrate containing approximately 63% copper. The 
mill Kill produce two principle products for the leaching circuit: 

10.7.2.1 Jig copper: 1/16 Inch to 2 inches; a product derived from 
gravity concentration; and, containing plus 90% copper. 

10.7.2.2 f-lotation copper fine copper; less than 1/16 inch; obtained 
t)y the mill flotation process; and, containing plus 40% copper. 



When these products are combined, a copper concentrate containing plus 
53*0 copper is produced. Energy and environmental cost of 
processing copper concentrates by leaching are considerably lower than 
convent, ional smelting. Furthermore, the product copper oxide has a 
greater' value than metallic copper. The residue from the leaching of 
native copper concentrates will contain native silver which is left as 
an insoluble metal sludge in the leaching reactors. The copper 
concentrate contains silver that averages 2.93 oz. per ton of 
concent:rate. The leaching process will also leave 5-percent of the 
copper along with the silver. Removal of 95% of the copper will leave 
residue containing 7.3 Oz. of silver and 157 pounds of copper per ton. 

Mc^al Value - Silver 7.30 Oz. @ $6.00 per Oz. = $ 43.80 
(of sludge) Copper 157 Lbs.@ $1.00 per Lb. = $167.00 

Total Value $200.80 

The le.iching plant will Increase its leaching capacity to produce 
15,680,455 lbs. of cupric oxide per year, using a combination of 
low-grade scrap and native copper concentrates. 

Leaching plant raw material requirements: 

Low (Irade 22,026,000 Lbs. 9 25% Recovery = 5,505,095 Lbs. Cu. 

Concertrates 11,499,524 Lbs. (? 60% Recovery = 6,882,465 Lbs. Cu 

Total 12,387.-560 Lbs. Cu 

12,387,560 Lbs. Cu } 0.79 = 15,680,455 Lbs. CuO 

1 0 ^ PROCi:SS CHEMICALS 

10.8.1 Anhydrous Ammonia (NH-) 

Anhydrous ammonia Is a comparatively low cost, bulk produced, 
readi y available industrial chemical and is one of the essential 
components of copper ammonium carbonate that is required for leaching 
metallic copper. Ammonia is a pungent colorless gas manufactured in 
large plants throughout the entire United States. Locally ammonia is 
produced in South St. Paul, Minnesota. Ammonia Is synthesized from 
natur.il gas and air and is stored and transported in the liquid form. 
Anhydrous ammonia Is shipped In specially constructed steel railroad 
cars or tractor trailer units. The Interstate Commerce Commission 
classifies anhydrous ammonia as a nonflanmable compressed gas. At the 
PCI plant site, ammonia will be transferred from trucks to a steel 
storaje tank. The tank Is designed to have a working pressure of 250 
psi and is located outside and adjacent to the plant building. 
Additions of ammonia are required to make up for losses that occur in 
the absorber towers, pump seals, leaching tank seals, oxide drying and 
calcining equipment, etc. Ammonia losses are 0.006 Lbs. per pound of 
oxide produced. 
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10.8.2 Cart>on Dioxide (CO-) 

Carbon dioxi 
so ution for 
odorless, nc 
Carbon diox 
it is coolec 
cars 3r trac 
tr^insferred 
Licju id carbc 
as;;embly, fl 
system in mL 
being lost p 

de is another reagent required to make copper ammonium carbonate 
leaching copper scrap. Carbon dioxide Is a colorless, 

ntoxic gas about one and one-half times the weight of air. 
de is usually obtained as a by-product from coking ovens, where 
, compressed, and converted to liquid for transport in railroad 
tor trailers. At the PCI plant site, carbon dioxide Is 
to a steel pressure storage tank adjacent to the ammonia tank, 
n dioxide is pumped from the storage tank through a vaporizer 
ow meter, and metering pump. Carbon dioxide is lost from the 
ch the same manner as ammonia which results in 0.002 pounds CO^ 
er pound of copper oxide produced. 

1̂ ¥ 

10.8.3 Oxycen (02^ 

Oxygen is required to oxidize the cuprous oxide to cupric oxide in the 
oxidizing towers and leaching tanks. The substitution of oxygen over air 
•recuces the loss of ammonia and carbon dioxide from the leaching system. 
The use of pure oxygen eliminates the use of air blowers which greatly 
improves working conditions both Inside the plant and the area surrounding 
the plant. Oxygen is a colorless, odorless, nontoxic gas. Oxygen is 
marufactured in oxygen generators utilizing molecular sieve beds. Oxygen 
will be delivered to the plant in tractor trailer units and stored in a 
large steel vessel. The net cost of oxygen is about 0.007 pounds 0- per 
pound oxide produced. 

10.8.4 Sulfide Reagents 

A small amount of soluble sulfide is required to precipitate the copper from 
the bleed system and to maintain a water balance in the system. Ninety-
nine percent of the operating time, make-up water Is added to the system to 
maintain balance, with the cost incremental to the operating cost of the 
plant. 

10.9 ENVIROWENTAL 

10.9.1 Gene-al 

A generalized flow sheet (drawing No. OX-146) deta i ls the points of 
dis:;harge for l iqu id and gaseous e f f luents . The following detai ls each 
e f f luent . 

10.9.2 Liquid 

The-e w i l l b»; two sources of l iqu id discharge from the process. At the 
production r.ite of 12 mi l l ion pounds of copper oxide, the flow rate of 
cooling water w i l l be 750 gallons per minute. 
Duiiding hea'i during the winter months. 
Tori::h Lake through a diffuser system. The present system at PCI's oxide 
p la i t is licursed with the Department of Natural Resources Water Quality 

This water can be used for 
The water w i l l be discharged into 
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Control Division and no problems are envisioned for permitting a 16-million 
lb. per year plant. The second liquid discharge happens on rare occasions. 
Matural evaporation due to the exothermic reaction of the system normally 
requires the addition of water to maintain water balance in the process. On 
cccasion vihen treating is required, approval from the Torch Lake Sewage 
Authority is obtained prior to dumping treated effluent into the evaporation 
pionds. 

10.9.3 Gaseous 

There are two types of gaseous emissions from the plant. The first Is stack 
qases f'"oni the distiller and calciners. These gases will be clean and high 
quality because clean natural gas will be used in the burners. The other 
cias streaiTs will originate from the tray dryers and calciners. Baghouse 
collectior systems remove fine particles of oxide prior to emission to the 
c tmosphere. 

10.9.4 Solids 

The leaching of native copper concentrates w i l l produce a conglomerate 
residue. Thirty-seven percent of the concentrate w i l l produce 5,860,652 
lbs. per >ear containing copper and s i lver values. The residue w i l l be 
r insed to remove residual ammonia and carbon dioxide, then shipped to a 
smelter ard ref inery for recovery of metal values. 

: 0.10 COiiT OF GOODS 

This section w i l l deal with a l l costs related to manufacturing a pound of 
copper oxide. The following is a l i s t of cost items that w i l l be detail-ed 

n th is sect ion: 

1 r 

1(1.10.1 
T(\7To72 
10.10.3 

10 .103 
10.10.6 
TiKWT! 
10.10.8 
1(1.10^ 
Tii.To.lo 
rcLTurn 
i(i:io.i2 
Til.10.13 
Tiu-rorn 
10.10.15 
T(J:T07T5 
KLion? 
10.10.18 
nr.TisTT^ 

Chemicals 
Raw Materials Freight 
Raw Materials 
Packaging 
Wages 
Payroll Taxes 
Vehicle Expense 
Rent 
Electric Power 
Natural Gas 
Process Water 
Maintenance 
Supplies 
Insurance 
Contracted Services 
Plant Utilities 
Equipment Rental 
Safety Equipment S Supplies 
By-Product Sales 
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IC.10.1 Cost of Chemicals 

Copper oxide is manufactured by dissolving native copper concentrates 
with a solution of cupric ammonium carbonate. The reaction can be 
represented by the chemical equation. 

Cu + Cu(NH3)^^*+ C03"" ^ 2Cu(NH3)2* CO3"" 

and in the presence of pure oxygen w i l l ox id ize the pure so lu t ion 
as fo l jows 

1/2 O2 ^ 2 Cu(NH3,2^ 3NH3 + NH^* + HCO^' ^ 2Cu(NH3)^^^+ C03"H20 

Sodum Sul f ide in the presence o f cupr ic ammonium carbonate 

NaHS + Cu(NH3)^'*"'*' ». CuS + Na* + NH^* + NH^ 

AnhydrDus ammonia, carbon dioxide, oxidizing oxygen and sodium sulfide 
reagents will be required. The following four tables summarize the 
requirements of these reagents and their total cost. 

20.10.2 CoSt of Raw Materials Freight 

PCI Transportation Co. is a wholly owned subsidiary of Penninsula 
Copper Industries Inc., it was created to service PCI 
transportation needs during a time when their needs were receiving 
inadeqjate service from outside. In addition to acting as a private 
carrie* operation for PCI, the Division acquired I.C.C. authority to 
act as a common carrier servicing outside shippers' transportation 
needs. The Transportation Division has increased from one power-unit 
and two trailers in January of 1986 to a level of four power units and 
thirteen trailers during the course of 1988. As a logistic's 
management service, PCI Transportation will coordinate and carry out 
all trinsportation needs for the mining, milling and manufacturing 
groups. This will be accomplished by increasing the amount of support 
equipm«;nt and the use of outside transportation as needed. 

Pr ic ing Pol icy - The Smeester Brothers Trucking Co., located in the 
Iron Mountain Michigan area. Is the largest local carrier In the 
region servicing large companies such as Celotex Corporation, 
Ch.impion International Paper Company as well as outside support for 
PC! Transportation. PCI Transportation has accepted Smeester 
Brothers' rate structure for service to the mining and 
manufacturing group. 

Transportation costs for shipping in low-grade copper scrap and native 
copper concentrates from the Centennial Mill to the leaching plant are 
summar zed in Table 10.10.2-A. Table 8.10 B 4 C freight calculations 
are based on actual Smeester & PCI Transportation 1989 freight rates 
for the various raw material sources. 
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Table 10.10.2-B 

Projected Freight Cost for Copper Laminates 

Trarsporta-
tion Cost 
Source 

GE 
Oak-Frank 1 in 
West H-Hampton 
West H-Pend. 
Rubbish 
Aura II 
• d e a l 
riVF 
F'ol̂ clad 
vank 
Steel Supply 
Eimpire Norplex 
IBM 
Custom Alloys 
Advanced Oielec 
Misc. Laminates 

Type 

Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 
Laminates 

Total 

Available 

3,360,000 
1,187,000 
442,000 
679,000 
540,000 
180,000 

2,886,000 
1,013,000 
390,000 
530,000 

1,056,000 
1,000,000 
240,000 
390,000 
240,000 

1.560.000 

15.693,000 

Pounds 

Cost Per Lb 

$0.0325 
$0.0211 
$0.0471 
$0.0504 
$0.0376 
$0.0147 
$0.0465 
$0.0352 
$0.0376 
$0.0341 
$0.0105 
$0.0558 
$0.0478 
$0.0657 
$0.0657 
$0.0400 

$0.0317 

Freight 

Cost $ Per 

$109,200 
$ 25,046 
$ 20,818 
$ 34,222 
$ 20,304 
$ 2,646 
$134,199 
$ 35,658 
$ 14,664 
$ 18,073 
$ 11,088 
$ 55,800 
$ 11,472 
$ 25,623 
$ 15,768 
$ 62,400 

$496,981 

Freight 

Lb. CuO 

$0.1275 
$0.1226 
$0.2653 
$0.2677 
$0.1398 
$0.0621 
$0.1217 
$0.1536 
$0.0582 
$0.0753 
$0.0390 
$0.1729 
$0.0889 
$0.1221 
$0.1153 
$0.1170 

$0.1015 

ER/Howell 

Projected Freight Cost for Electr ic Motors 

Motors 240,000 $0.0143 $3,432 $0.0738 
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